2. Fungi have been reported to infest certain algae (Lund 1971) and bacteria have been isolated that kill or lyse a variety of green and blue-green algae (Stewart and Brown 1969 , Daft and Stewart 1971 , Shilo 1970 , Granhall and Berg 1972 . Controlling blue-green algal blooms by viruses probably offers a greater potential than other biolog ical controls. Macrophytes have been reported subject to attack by a wide variety of pathogens including viruses, rusts, smuts, and other aquatic fungi (Zettler and Freeman 1972) , but efforts to duplicate these natural attacks for management purposes are still in the investigatory stage or have been unsuccessful.
3. Charudattan (1975) Purpose and scope 4. In light of these questions, an alternative approach to bio logical control was proposed. Rather than introduce pathogenic micro organisms into the environment, we would isolate microorganisms native to the plant-dominated zone or phyllosphere of the aquatic plant and, by simple manipulation of their environment, induce them to produce en zymes lytic to selected tissues of the plant host. Subsequent to induc tion of these enzymes, the induced pathogens would be applied to the pest plant where pathogenesis would commence. The uniqueness of this approach lies in the exploitation of an intrinsic component of the eco system itself. The microorganism whose pathogenicity is employed for the control of the watermilfoil is, in fact, sponsored by the phyllo sphere excretions of the plant host. Our approach, to temporarily in duce pathogenesis, is based on no more than the environmental manipu lation of a normally nonpathogenic microflora, at most saprophytic, whose pathogenic character ceases with the demise of its plant host.
In this way, no new population is introduced into the ecosystem and no novel residues or environmental stresses accompany the control process.
Review of previous work 5. The presence of a phyllosphere effect, that is to say, the establishment of selected micro floral populations due to excretions from the host plant, is a well-established terrestrial phenomenon. In the terrestrial environment, where the focus has been on the root system or rhizosphere, the relationship is best described as protocooperation where both members benefit from the nonobligatory coexistence. Benefi cial effects of the rhizosphere micro flora on plant growth may be sum marized as: (a) increased nutrient availablilty in the root zone (Estermann and McLaren 1961 , Nicholas 1965 , Rovira and Davey 1974 ; (b) positive effects on nutrient absorption rates (Barber and Frank enburg 1971) ; (c) production of plant growth stimulators (Alexander 1977; Barea, Mavarro, and Montoya 1976; Katznelson and Bose 1959) ; and (d) increased resistance to soil-borne plant pathogens (Alexander 1917, Harris and Sommers 1968) . Detrimental effects have also been shown to occur. These include the immobilization of limiting nutrients and the production of substances toxic to plant metabolism (Alexander 1977) .
More recently there has been growing interest in the rhizosphere of aquatic plants. Coler and Gunner (1969) found higher populations of bacteria and concentrations of amino acids surrounding the roots of free-floating duckweed. Mahmoud and Ibrahim (1970) found a positive rhizosphere effect with nitrifying bacteria, i.e., an increase in num bers, that increased with the age of submerged rice plants, and a neg ative rhizosphere effect, or decrease in numbers, with denitrifying bacteria. Many authors have reported the presence of nitrogen-fixing bacteria in the rhizosphere of aquatic plants. Patriquin and Knowles (1972) and Bristow (1974) found this is to be an area of higher popula tions and enhanced activity for nitrogen-fixing bacteria. The aquatic rhizosphere is thus becoming an important area of research with respect to the growth of submergent aquatic plants as well as food crops. Most recently, Blotnick, Rho, and Gunner (1980) have investigated the rhizo sphere microflora of M. heterophyllum and found a significantly denser bacterial population in the extensively rooting systems of this plant, prompted, presumably, by greater access to organic nutrients in the sed iments than in the surrounding lake water.
6. In the past, the manipulation of the rhizosphere has been used for plant protection rather than plant destruction. Koths and Gunner (1967) 9. Rhizoplane organisms, i.e. organisms bound to the plant sur face, were obtained as described by Blotnick, Rho, and Gunner (1980) (Table 2) . These effects would appear to rep resent the generalized attack of the native phyllosphere microflora con centrated by passage through a medium in which competing aquatic forms had been eliminated. In effect, competition between potential pathogens and other native organisms reduces the ability of the potential patho gen to induce necrosis. By eliminating or reducing the competing popu lations, the pathogenic attack on the host may proceed with accordingly diminished constraints. That a mixture of isolates was more effective than certain of the isolates individually suggests that pathogenicity was enhanced by synergistic interactions, i.e., effects generated by interactions between two or more organisms which individuals cannot achieve alone, a process frequently observed in nature.
16. In confirmation of the foregoing, plants exposed to surface sterilization survived one third again as long as plants which were un treated (Table 3 ). This further demonstrated that the microflora in timately associated with the plants do, in fact, playa role in their decomposition, and isolates from the residual saprophytic flora were able to hasten decay rates (Table 4 ). It will be noted that the most significant and consistent results were provided by a cellulolytic fun gus: cellulolysis subsequently appeared to provide a pathogenic mecha nism to which the plants appeared particularly susceptible.
17. Indeed, some of the most telling results were achieved with the cellulolytic fungus subsequently identified as Mycoleptodiscus ter restris (Gerd.) Ostazeski when its cellulolytic ability was enhanced by successive passage through a medium containing cellulose as a sole source of carbon. As can be noted from Table 5 , 75 percent mortality was achieved in 17 days and 100 percent mortality in 24 days.
18. An additional necrotic source was identified as a consortium of cyanobacteria and associated bacteria. In this case, the Myriophyl lum species are enveloped by a veillike growth and reduced ultimately to a necrotic ball (Table 6 ). It is noteworthy that in both the applica tion of cellulolytic fungus and the cyanobacterial cluster, the enhanced effects were due to the application of the induced pathogen. This would suggest too that the flora normally inhabiting the Myriophyllum may ex ercise an enhancing saprophytic effect once a primary lesion has been effected by a pathogen. To characterize the necrotic process at the operative level, an attempt was made to establish the prevalence and pathogenic potential of cellulolytic and pectinolytic microorganisms among Heterophyllum spp.
Such isolates are not rare among the population inhabiting
Myriophyllum spicatum as demonstrated in Table 7 . Their pathogenic po tential is shown by the decay of 70 to 100 percent of the Myriophyllum spicatum plants within 3 weeks. In addition, however, two other points of interest emerge: one is the relative specificity of the isolates to
Myriophyllum spicatum (Figure 4 )--these achieve only a 10 to 40 percent 21. The acceleration of decay of Myriophyllum spp. induced by the pectinolytic isolate Br-2 is shown in the data in Table 9 . Again, the addition of sterile cellulose or pectin medium elicited a degree of acceleration in plant decay, greater with pectin than with cellulose and more so in the case of M. spicatum than with M. heterophyllum (Fig ures 5 and 6) . The greatest effect was demonstrated by the application of the pectin or pectin-plus cellulose cultured organism, in which case 100 percent of the plant succumbed. Perhaps the most striking confir mation of the addition effect of growth media on the induction of pop ulations inimical to watermilfoil may be seen in Table 10 . In this instance, a cyanobacterial group which we had previously identified as an effective suppressant of milfoil, was compared with the effect achieved by the addition of aliquots of sterile angiosperm medium in which the cyanobacteria were cultured. As may be seen, both organisms and culture medium achieved 100 percent acceleration of necrosis of M. spicatum, while only the medium alone was as effective in the sup pression of M. heterophyllum. Certainly, the mechanism of this inter action merits further investigation. test chambers which gave a significant increase in necrosis over un treated controls. Indeed, this is reminiscent of the classic practice of adding organic amendments to soil as a stimulus to rapidly growing microorganisms readily able to utilize the substrates these amendments offer. The proliferation of these populations serves as a suppressant to fungal pathogens unable to compete with the faster growing organisms.
The addition of pectin and cellulose would appear to selectively stimu late pectin-and cellulose-degrading organisms whose activities soon ex tend from the substrate provided to these materials in the plant itself.
This would certainly suggest the merit of further examining the possi ble use of such amendments as a component of a control strategy.
24. There is a wide array of resident microorganisms on Myrio phyllum which may be manipulated to speed the decay of these plants, yet it is noteworthy and in keeping with ecosystem specificity that there should be a much higher pathogenic potential of the isolates from M. spicatum to that species than to M. heterophyllum. Isolate mixture K -K -Myriophyllum in sterile water 1 7 with 5 mQ inoculum composed of equal parts of isolated K 1 -K 7 · Isolates K K K , showed no effect by day 9 or 18. 1 , 2 , 3
Isolates K , K , K showed some deterioration on day 18 4 6 7 but not before. ** + = alive and healthy; + =deteriorating; -= dead. Table 6 Effect of a Cyanobacterial Consortium on Table 8 Acceleration Table 9 Acceleration 
